Introduction
============

Malignant pleural mesothelioma (MPM) is a rare and highly aggressive tumor that derives from pluripotential mesothelial cells.[@b1-ott-5-231] Histologically, it is divided into three subtypes: epithelioid, which is the most common type, sarcomatoid, and mixed type. The main risk factor of MPM is the exposure to asbestos, a group of crystalline-hydrated silicate minerals that, due to its mineral properties such as thermal and cold resistance, tensile strength, and low cost, are used in a variety of manufacturing goods such as tiles, ceilings, cement products, and fabrics. Asbestos is divided into two groups: the serpentine form composed of spiral fibers (chrysotile), which is suitable for making fabrics, and the amphibole form composed of short and linear fibers (anthophyllite, crocidolite, tremolite, actinolite, and amosite), which is most suitable for the construction of tiles and pipes. It is believed that the amphibole form is more likely to cause chronic irritation that can lead to malignant mesothelioma. To a lesser degree, other risk factors include the exposure to other mineral fibers such as erionite, simian virus 40, and radiation. This type of neoplasm is not correlated with smoking, in contrast to the majority of other types of lung cancers.[@b2-ott-5-231],[@b3-ott-5-231]

MPM demonstrates increasing incidence worldwide especially in industrialized countries, due to previous exposure to asbestos.[@b4-ott-5-231] The prognosis of these patients is poor, with a median survival of 11--12 months and only a small proportion of patients surviving 2 years after diagnosis. Differences in survival are associated with environmentally correlated factors such as the duration and quality of asbestos exposure, and are also correlated with age at the time of diagnosis, gender, health status, and histological subtype of the tumor. Poor performance status, advanced age, male sex, and sarcomatoid subtype are all poor prognostic factors.[@b5-ott-5-231],[@b6-ott-5-231] The disease usually manifests with thoracic pain and dyspnea, and the chest X-ray shows pleural effusion -- a widespread pleural thickening and reduction in volume of the hemithorax. Thoracoscopy or open pleural biopsy is necessary for diagnosis.[@b7-ott-5-231] The immunochemistry of the biopsy specimen is also very important and can help determine the differential diagnosis between MPM and metastatic lung adenocarcinomas. Markers such as keratin-5, calretinin, podoplanin, and *Wilms tumor gene-1* are sensitive for MPM -- particularly for the epithelioid and mixed subtypes. In contrast, polyclonal carcinoembryonic antigen, thyroid transcription factor-1, and monoclonal antibody-31 (MOC-31) are markers sensitive for adenocarcinoma but negative for MPM.[@b8-ott-5-231] The therapeutic options in patients with MPM usually include surgery, chemotherapy, and adjuvant radiotherapy. In selected patients, multimodality treatment with surgical resection followed by radiation and systemic chemotherapy seems to have benefits, but the standard therapy for advanced-stage patients is still pemetrexed and cisplatin as first-line chemotherapy. However, several other chemotherapy regimens have been used as the first-line treatment alone or in combination, with positive results, indicating possible alternatives.[@b9-ott-5-231]--[@b13-ott-5-231]

In the current case presentation, Caelyx^®^ (pegyliertes liposomales doxorubicin; Janssen Pharmaceuticals, Inc., Titusville, NJ) 20 mg was used as the first-line treatment in combination with paclitaxel (175 mg/m^2^) and etoposide (200 mg/m^2^ on days one to three), which presented a favorable outcome as a first-line treatment. The characteristics of the three drugs are presented along with the characteristics of the malignant mesothelioma disease. Most recent studies have focused on demonstrating better genetic and molecular events that occur during asbestos exposure with the hope of leading to a new class of anticancer agents.[@b2-ott-5-231],[@b4-ott-5-231] This paper presents a long-term survivor through the combination of an anthracycline agent, taxane, etoposide, and cyclophosphamide; this combination treatment has previously demonstrated prolonged survival.[@b14-ott-5-231]

Case presentation
=================

A 67-year-old male pensioner attended the emergency department complaining of chest pain, especially in the right hemithorax, and dyspnea. The symptoms first presented 1 month prior to initial examination. The patient did not mention any cough, hemoptysis, fever, or weight loss. His medical history did not include any comorbidities and he was not taking any medication. The social history demonstrated that the patient was an ex-worker in the asbestos industry and a current smoker (30 cigarettes per day for 47 years). Lung auscultation showed that there was a reduction of respiratory sound in the right lung. The X-ray showed thickening of the right pleura and the patient was sent for a computed tomography (CT) scan. The contrast-enhanced chest CT scan showed a right peripheral pleural mass with pleural thickening and areas with braces, especially in the medium and lower right lobe, with small pretracheal lymph nodes ([Figure 1](#f1-ott-5-231){ref-type="fig"}). Round atelectasis subpleural focuses were revealed in the right medium and lower lobe. An abdomen CT showed a hypodense mass in the right adrenal gland (5 × 3 cm). At this point the possibility of MPM (epithelial) with metastasis in the left adrenal gland was considered. To confirm the diagnosis, thoracoscopy was performed to obtain a pleural biopsy, with a positive result for MPM. A bone scan was also performed and was negative for disease.

The patient was treated in the authors' department with eight cycles of paclitaxel (175 mg/m^2^), pegylated liposomal doxorubicin hydrochloride (Caelyx 20 mg/m^2^), and etoposide (200 mg/m^2^), and he continued with three cycles of maintenance therapy with etoposide (100 mg/m^2^ on days one to five) and three cycles of cyclophosphamide (150 mg/m^2^ on days one to seven). The patient refused to complete the maintenance therapy and so he entered the follow-up period. The chest CT scans showed a reduction of the pleural thickening, and no pathological lymph nodes were observed ([Figure 2](#f2-ott-5-231){ref-type="fig"}). An additional biopsy was performed 5 years after the initial examination and the immunohistochemistry was positive for the following staining profile: Anti-pan Cytokeratin antibody (AE1/AE3), *Wilms tumor gene-1*, calretinin, D2-40, negative polyclonal carcinoembryonic

Discussion
==========

MPM is an uncommon but aggressive tumor of the pleura that is strongly correlated with chronic exposure to asbestos, with prevalence in males. MPM usually invades locally; however, metastases can be observed in the contralateral lung, bones, liver, or peritoneum.[@b15-ott-5-231] Patients usually manifest chest pain, dyspnea, and pleural effusion. Imaging examination is very important for diagnosis and during the follow-up period. To confirm the diagnosis, it is necessary to obtain a pleural biopsy with thoracoscopy and to examine the biopsy with immunohistochemistry. There are six types of asbestos fibrous silicates (actinolite, grunerite, anthophyllite, chrysotile, crocidolite, and tremolite). All types of asbestos fibers are capable of causing mesothelioma; however, only three types have been used commercially (white asbestos \[chrysotile\], brown asbestos \[amosite\], and blue asbestos \[crocidolite\]).

MPM incidence has been reported to be increasing in developing industrialized countries; new data indicate an escalation in Brazil, Thailand, and Egypt. In Greece, there is a 2% occupational morbidity attributed to pleural mesothelioma. The disease is still underreported by the national health agencies.[@b16-ott-5-231] Until 1995, Greece was one of the world's top seven suppliers of asbestos (chrysotile). More than 150,000 tons were produced and processed at various asbestos cement factories. Several products such as asbestos-containing brakes and fireproofing materials were also produced in Greece. Blue asbestos usage was banned by law in Greece (article 1154/93) on December 31, 2004; Greece became the last of the 15 European Union member states to ban the use of all forms of asbestos as per the European Union directive.[@b16-ott-5-231],[@b17-ott-5-231]

The patient in the current report was treated with etoposide, paclitaxel, and pegylated liposomal doxorubicin as first-line treatment. This type of doxorubicin is coated with methoxy polyethylene glycol that decreases the interaction of the lipid membrane with the plasma components and with the reticuloendothelial system. The liposomal encapsulation and "stealth" ability has added additional advantages to the drug formulation. This drug formulation increases the half-life of doxorubicin and also the liposomal deposition in the tumor tissue by 100-fold, so drug toxicity is reduced, especially cardiac toxicity and palmar-plantar erythrodysesthesia. Previously published phase I and II studies have shown good tolerance in patients with a dose of 45 mg/m^2^ Caelyx every 28 days.[@b18-ott-5-231],[@b19-ott-5-231] A previous study using first-generation anthracyclines presented adverse effects, restricting their usage due to cardiotoxicity and general intolerance.[@b20-ott-5-231] The polyethylene glycol coating (dual layer) augmented the efficacy of the drug formulation by adding a sustained-release effect. With this mode of drug release, the concentration of the formulation did not peak instantly after administration and therefore reduced the side effects; however, acute hypersensitivity reaction to the compound has been observed.[@b21-ott-5-231] Polymers have the ability to inhibit opsonization of the liposomes by plasma proteins and therefore increase the half-life of liposomal drugs.[@b22-ott-5-231]--[@b24-ott-5-231] Prolonged systemic circulation enhances micrometastasis control. In addition, polyethylene glycol reduces endothelial cell interaction, and in turn the rate of extravasation is reduced.[@b25-ott-5-231] Pegylated liposomal doxorubicin is extensively used for the treatment of cancer, especially breast cancer, ovarian cancer, and Kaposi's sarcoma, and has shown to be an active drug for MPM treatment in phase II studies.[@b9-ott-5-231]--[@b11-ott-5-231],[@b21-ott-5-231] Pegylated liposomal doxorubicin should not be disregarded, and should be used as an alternative in patients who cannot tolerate other first-line chemotherapy regimens.

On the other hand, taxanes (paclitaxel, docetaxel) are a group of chemotherapy drugs with antiproliferative action. In particular, they arrest cells in the G2/M phase of the cell cycle, inhibit microtubule depolymerization, and reduce tumor angiogenesis. In addition, it is possible that paclitaxel is able to induce the gene expression of tumor necrosis factor-α, and thus cell death. Taxanes are used with good results in the treatment of locally advanced nonsmall cell lung cancer, in combination with cisplatin or radiotherapy.[@b26-ott-5-231] In MPM, taxanes in combination with cisplatin also seem to have good results in inhibiting cell proliferation.[@b27-ott-5-231],[@b28-ott-5-231] The patient in the current report showed improvement in his symptoms and, after the completion of chemotherapy, a reduction of pleural thickening and elimination of the pathological lymph nodes.

Etoposide (VP1 6-2 13) is a semisynthetic podophyllotoxin derivative and an inhibitor of DNA topoisomerase II. It has the ability to stabilize DNA strand breaks.[@b29-ott-5-231] Etoposide has presented favorable results in a variety of malignancies.[@b30-ott-5-231] The drug is schedule dependent and acts on the late S and early G2 phases of the cell cycle.[@b31-ott-5-231] This compound has demonstrated efficiency in small cell lung cancer and is administered orally or by intravenous infusion.[@b32-ott-5-231]--[@b34-ott-5-231] Modest leukopenia was observed in the oral route of administration.[@b35-ott-5-231] In mesothelioma, there are scarce data available of the efficacy of etoposide, nevertheless the European Organization for Research and Treatment of Cancer Lung Cancer Cooperative Group initiative presented efficacy data (intravenous and oral) with two phase II trials.[@b35-ott-5-231],[@b36-ott-5-231] Data presented in these trials and in another study are in favor of etoposide administered orally for MPM within a combination.[@b35-ott-5-231]--[@b37-ott-5-231]

Cyclophosphamide is a nitrogen mustard alkylating agent. It is used in a variety of diseases including cancer and autoimmune disorders. It is converted in the liver from the prodrug to the active chemotherapeutic agent. The cytotoxicity of cyclophosphamide is dose dependent.[@b38-ott-5-231] Cyclophosphamide has presented efficacy in combination with cisplatin and doxorubicin in MPM.[@b14-ott-5-231],[@b39-ott-5-231] Cyclophosphamide has the additional benefit of acting as an immunomodulatory agent. There are published data indicating that this drug formulation sensitizes tumor cells for T cell-mediated, and possibly natural killer cell-mediated, apoptosis.[@b40-ott-5-231] Van der Most et al presented data demonstrating that immune sensitization from cyclophosphamide can augment treatment efficiency within combination therapy.[@b40-ott-5-231] Nevertheless, there are insufficient data on the proper time of initiation (ie, first-line, second-line).

MPM treatment has evolved during the past 20 years. In a previously published study, patients who received immediately initiated chemotherapy were associated with improved overall survival: 66% at 1 year compared to the "delayed" patients (36%), whose quality of life was less well maintained.[@b12-ott-5-231] A new generation of chemotherapy drugs has been studied to improve survival benefits, but only pemetrexed in combination with cisplatin is an efficient first-line treatment, confirmed in phase III trials. This type of chemotherapy is the current standard therapy in advanced MPM.[@b13-ott-5-231] Multimodality treatment protocols have demonstrated a median survival of 19--46 months depending on the stage, histology, and completeness of the surgical resection.[@b41-ott-5-231]--[@b45-ott-5-231] In regard to epithelial type, no lymph node involvement and complete surgical resection occasional long-term survival has been observed.[@b41-ott-5-231] Local disease control has been achieved with acceptable morbidity and mortality through extrapleural pneumonectomy and adjuvant high-dose hemithoracic irradiation.[@b42-ott-5-231],[@b43-ott-5-231],[@b46-ott-5-231]

Conclusion
==========

Despite the progression of clinical treatment, the data for MPM are not yet promising. The main clinical problem is probably the short duration of the response in chemotherapy and the early relapse of the disease due to chemoresistance. Most recent studies have focused on understanding the genetic events that contribute to the process of carcinogenesis from asbestos fibers and the molecular mechanisms responsible for the growth of cancer cells. Asbestos is responsible for the production of nitrogen species and active oxygen that can cause DNA damage and chromosome alterations.[@b3-ott-5-231],[@b47-ott-5-231] Its fibers may limit drug penetration by causing alterations of the stromal composition in neoplastic tissues.[@b9-ott-5-231] A better understanding of the molecular and immune pathways of carcinogenesis in MPM can lead to new targeted drugs and to a better medical treatment of the disease.
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![Axial computed tomography images of the right lung in the (**A**) mediastinal and (**B**) pulmonary window demonstrate the pleural mass corresponding to mesothelioma (initial examination). antigen, and thyroid transcription factor-1. Metastasis in the adrenal gland remained stable. Bone scans and brain CT scans were not pathological. No confirmation was made on the malignancy of the adrenal gland. Pleural thickness at diagnosis was 90 mm × 20 mm, and 40 mm × 15 mm at the end of the first-line treatment. Follow-up has continued for 9 years; the disease is stable without any disease progression.](ott-5-231f1){#f1-ott-5-231}

![Axial computed tomography images of the right lung in the (**A**) mediastinal and (**B**) pulmonary window 9 years after initial examination show that the bulky side of the mesothelioma has slightly decreased.](ott-5-231f2){#f2-ott-5-231}
